The Ocean Sampling Day (OSD) project provided metabarcoding data for the V4 hyper-variable regions of the 18S rRNA gene from 157 samples collected at 143 mostly coastal stations. In this paper we focus on the class Mamiellophyceae, which was found at nearly all OSD stations and represented 55 % of the green microalgae (Chlorophyta) reads in the 2014 OSD dataset. We performed phylogenetic analyses of unique OSD metabarcodes (ASV, amplicon single variants) and reference GenBank sequences from cultures and from the environment, focusing on the four most represented genera: Ostreococcus (45 % of the Mamiellophyceae reads), Micromonas (34 %), Bathycoccus (10 %) and Mantoniella (8.7 %).
Introduction
In marine waters, the accepted paradigm is that the so-called "red" lineage (mainly Diatoms and 2 Dinoflagellates) is dominant, while the "green" lineage (land plants) is dominating the terrestrial 3 environments 1 . These two lineages differentiate by the evolutionary origin of their chloroplast: 4 those of the "green" lineage are surrounded by two membranes, which is an evidence for a 5 single endosymbiotic event and their major photosynthetic pigments are chlorophyll a and b 1 . 6 Studies in coastal waters with both microscopic and molecular techniques found that the "green" 7 lineage, which is mainly represented by Chlorophyta among unicellular protists, is dominant 8 in these ecosystems [2] [3] [4] . Metabarcoding studies following the development of high throughput 9 sequencing (HTS) have confirmed the importance of the Chlorophyta in marine waters 5, 6 . 10 The European Ocean Sampling Day project (OSD) sampled the world coastal waters in 2014 11 around the summer solstice (21 June) with the aim of analyzing the diversity and distribution of 12 marine microorganisms 7 especially in coastal waters using 18S rRNA metabarcodes (V4 and V9 13 hyper-variable regions) 8 . This dataset allowed to determine the distribution of fourteen classes Watch (LW) dataset consisting of a subset of 29 water samples filtered on 0.8 µm pore size 48 polycarbonate membranes without pre-filtration. The extraction, PCR and sequencing protocols 49 have been described previously 8, 9 . In brief, the LGC and LW data originated from the same water 50 samples but have been processed independently for filtration, DNA extraction, PCR amplification 51 and sequencing (both Illumina 2x250 bp). LGC and LW provided respectively about 5 and 9 52 millions of V4 sequences, resulting in higher coverage for the LW dataset. 53 The LGC and LW datasets (https://github.com/MicroB3-IS/osd-analysis/wiki/Guide-to-OSD-54 3/34 2014-data) were analyzed with the same pipeline using the Mothur software v. 1.35.1 26 . Reads 55 were filtered to keep only sequences without ambiguities (N) and longer than 300 pb. Reads 56 were aligned on SILVA seed release 123 alignment 27 corrected by hand to remove gaps at the 57 beginning and at the end of alignments. The aligned datasets were filtered by removing columns 58 containing only insertions. Chimeras were checked using Uchime v. 4.2.40 28 as implemented 59 in Mothur. Unique sequences (ASVs or Amplicon Single Variants 29 ) were assigned using 60 the Wang classifier as implemented in Mothur and the PR 2 reference database 30 version 4.2 61 (https://figshare.com/articles/PR2 rRNA gene database/3803709/2) for which the Chlorophyta 62 sequences had been recently curated 6 . 63 To check the assignation and explore the genetic diversity of Mamiellophyceae, ASVs from 64 Bathycoccus, Micromonas, Ostreococcus and Mantoniella represented by more than 200 reads 65 for either LW and LGC were aligned to GenBank reference sequences using MAFFT v. 7.017 31 . 66 Maximum likelihood (ML) phylogeny was built using Fast Tree v. 1.0 32, 33 as implemented in 67 Geneious v. 7.1.9 34 
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We analyzed unique sequences (ASVs for Amplicon Single Variants 29 ) of two separate OSD 78 data sets: LGC and LW. We focused on the LGC dataset which encompasses a much larger 79 number of samples than the LW dataset which corresponds to a subset of the OSD samples 80 that have been processed in a completely independent manner compared to the LGC (different 81 4/34 filtration, DNA extraction, PCR and Illumina sequencing). The LW dataset was used mainly to 82 confirm the fact that the LGC ASVs were not artefacts by verifying that to any major LGC ASV 83 corresponded a LW ASV with a strictly identical sequence. 84 Mamiellophyceae represented 55 % of the Chlorophyta reads found in the OSD 2014 surface 85 samples 9 . Seven described Mamiellophyceae genera were recovered among LGC ASVs while 86 the other ASVs could only be classified at the family or order level. Four genera were clearly 87 dominant: Ostreococcus, Micromonas, Bathycoccus and Mantoniella, the two former with almost 88 equal contribution ( Fig. 1) . We decided to focus on the 23 major LGC ASVs for these four 89 genera that were represented by at least than 200 reads ( Fig. 3 ). In contrast, O. "lucimarinus" was almost totally absent from the Mediterranean Sea and 128 tropical waters ( Fig. 3 and S3 ). This distribution is coherent with observations by qPCR (clade The novel Ostreococcus clade E was represented by a single ASV in the LGC dataset 137 (22,720 reads) and a similar sequence was also found in the LW dataset, suggesting that it 138 was not an artefact. Clade E sequence is very close to that of clade B, with 2 clear differences 139 ( Fig. 2B) to the species O. mediterraneus, which was only found in significant proportion in a lagoon of 151 the coast of Uruguay (OSD149 5 % and 150 6 %, Fig. 3 ). This distribution is coherent with the 152 fact that almost all strains of O. mediterraneus have been isolated from coastal lagoons along 153 the Mediterranean Sea coast 21 , suggesting that this species may be restricted to very specific 154 environments with fluctuating salinity. 155 Two sets of qPCR primers and probes have been previously designed 39 based on available 156 V4 sequences from strains in culture in order to discriminate two Ostreococcus groups (OI and 157 OII). The OI set targets O. "lucimarinus" but also recognizes O. tauri 39 which has 2 mismatches 158 ( Fig. S4 ), while the OII group targets clade B. Interestingly the new clade E has four mismatches 159 to set OI and two mismatches to set OII. Some of these mismatches are located on the 3' end of analyses 25, 39, 40 (Table S3 ) and allows to distinguish all clades when using a 99 % identity threshold except for M. as at a temperate location off UK coast in the North Sea (Fig. 5) . This ASV is 100 % similar to 232 Genbank sequences recently obtained in the White Sea 51 . 233 Finally, the ASV corresponding to the first described Micromonas species, M. pusilla, was 234 found in low abundance (1,259 reads) mostly in temperate locations (Fig. 5) corresponding to 235 the environment from which it was initially described and isolated (e.g. CCMP490 isolated from 236 Woods Hole, USA, and CCMP491 from the English Channel, UK 41 ).
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Bathycoccus 238 The ASV corresponding to Bathycoccus was both the most abundant (24,391 reads) as well 239 as the most prevalent, exceeding 1 % of the Mamiellophyceae reads at 72 stations (Fig. S1) 240 distributed all over the coastal ocean from tropical to polar waters ( Fig. 6 and S6 ). This very 241 global distribution of the genus matches what has been observed based on the TARA Oceans 242 dataset 24 where the metagenome of Bathycoccus was recovered at a wide rang of stations. 243 Bathycoccus is now known to be composed of two cryptic species with identical 18S rRNA 244 sequences (that therefore cannot be distinguished in the OSD dataset) but differences in the 245 ITS gene as well as at the genomic level 24, 52 . The distribution of these two cryptic species 246 10/34 (BI-genome RCC1105 and BII-genome TOSAG39-1) determined by metagenomic analysis 247 and qPCR suggest that BI could be coastal, while BII could be adapted to warmer oceanic 248 waters 24, 25, 53 . 249 Mantoniella 250 8,570 reads corresponding to two ASVs with more than 200 reads could be assigned to the 251 genus Mantoniella. Besides the morphological species M. squamata 3, 16 and M. antarctica 18 , no 252 clades based on 18S rRNA gene sequences have been yet described 10, 19 . However, the V4 253 hyper-variable region of the 18S rRNA gene using publicly available reference sequences as 254 well as OSD ASVs highlights two new Mantoniella clades that we named A and B, both with well 255 supported phylogenies ( Fig. 7A ) and with clear sequence signatures (Fig. 7B ). 256 The most abundant ASV corresponded to the species M. squamata (4,500 reads) represented 257 up to 70 % of the Mamiellophyceae reads off Greenland (OSD80, Fig. 8 and S7 ) while at all 258 other stations it contributed always less than 10 %. However it was found at stations with very 259 different environmental conditions, including off Hawaii and in a lagoon on the coast of Uruguay 260 (Fig. 8) . This is consistent with previous descriptions of M. squamata as a cosmopolitan species 3 261 and several studies reported in particular its presence in Northern high latitudes 49, 54 . 262 The ASV corresponding to Mantoniella clade B (4,070 reads) was more widespread, rep-263 resenting more than 1 % of the Mamiellophyceae reads at 16 stations ( Fig. S1 ) especially in 264 the Venice lagoon (OSD47 53 %, OSD70 36 % and OSD69 12 %) but also in other moderately 265 warm waters (Eastern Mediterranean Sea, Gibraltar, California, Hawaii, Fig. 8 and S7 ), matching 266 Genbank sequences previously found in the Mediterranean Sea 12 . 267 No ASV corresponding to Mantoniella clade A was found in the LGC dataset but one ASV The OSD metabarcoding dataset is invaluable to determine the distribution of many phytoplankton 278 groups in coastal waters 9, 11, 57 . However it must be always emphasized that metabarcoding is not Although Mamiellophyceae are clearly the dominant group of green algae in coastal waters 9, 11 , 305 previous analysis revealed that their relative abundance could not be related to any environmental 306 variable 9 . Even analysis at the genus level is not sufficient to detect bio-geographical patterns. 307 For example, the genus Micromonas is found at virtually all OSD stations (Fig. 5) covered by the OSD dataset, it is possible that yet undiscovered Mamiellophyceae clade/species 330 may exist in particular in the Southern hemisphere. In order to obtain more information on 331 the new clades reported here and to determine whether they correspond to potentially novel 332 species, several strategies are possible. First, now that their geographical distribution begins to 333 be known, we may target specific environments and obtain isolates. This will allow analyzing 334 finer resolution markers such as the ITS 15 and determine physiological preferences, for example 335 in terms of temperature 67 . Another strategy for clades that are hard to isolate in culture would be 336 to determine longer sequences of the ribosomal operon including in particular the ITS region 337 directly from the environment either by long amplicon PCR using novel sequencing technologies 338 such as Nanopore 68 or by extracting them from existing metagenomics datasets such as those 339 obtained during the Tara Oceans project 24 . 10, 2433 -2443 , DOI: 10.1111 /j.1462 -2920 .2008 .01673.x (2008 . European waters is provided in Fig. S3 . 
